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In this paper, effects of the regular measurements on a noisy channel has been investigated.
The strategy introduced by A. Bayat, and Y. Omar [New J. Phys. 17, 103041 (2015)] is followed
to suppress dephasing and dissipation effects in a noisy spin channel and generate long distance
entanglement by global measurement on the channel. A regular global measurements performed on
spin channel weakly coupled to the sender and receiver qubits via XX interaction. This scheme
is applied for the dephasing and dissipation in non-zero temperature processes separately and the
results show that amounts of achieved entanglement enhanced rather than the no-measurement
approach.
PACS numbers: 03.65.Ud, 75.10.Pq, 03.67.Bg, 03.67.Hk
I. INTRODUCTION
It is well understood that entanglement, i.e. non-local
quantum correlations [1] is the key resource for quantum
communication and computation [2] and has been veri-
fied in such protocols as cryptography [3] and teleporta-
tion [4]. Mediating interaction between arbitrary pairs
in a network of qubits is essential for realizing two-qubit
entangling gates. Unlike the neighboring qubits, inter-
acting the distant ones is notoriously difficult. One way
to mediate interaction between distant qubits is to use
an additional setup, called quantum bus. Among the nu-
merous quantum systems suitable for quantum bus and
quantum networks implementation, spin chains are the
most common buses where their tunable interaction has
motivated researchers to use this permanent potential in
the information processes [5–9]. However, quantum sys-
tems would unavoidably interact with their environments
by dissipative processes which leads to fragile entangle-
ment. Nevertheless, there are a variety of entanglement
preserving mechanisms that have been put forward [10–
19]. Moreover, to overcome the loss of entanglement over
the distance in spin chains, one has to either delicately
engineer the couplings [20, 21] or switch to super slow
perturbative regimes [22, 23]. Alternatively, one may
use intermediate spins as interaction mediators between a
sender and a receiver and use the rotational protocol and
single projective measurement to create long distance en-
tanglement [24]. It was shown that, projective measure-
ments are essential elements in some quantum technolo-
gies, such as entanglement generation between supercon-
ducting qubits within a meter of distance [25], entangling
macroscopic atomic ensembles [26] and many-body state
engineering [27]. Moreover, measurements protocols has
been used as a mean for transport as well as small cou-
plings in different protocols [28–31] and also using the
global measurements, performed regularly on the spin
channel, can suppress the effect of dephasing of the state
transfer which has been investigated in [32]
The most common approach to realizing an effective long-
distance coupling is to use a quantum mediator, as has
been demonstrated in quantum dot arrays [33, 34], super-
conducting qubits [35, 36] and in trapped ions [37]. Many
approaches to implementing coherent spin coupling be-
tween distant quantum dots have been proposed using a
variety of coupling mechanisms. These include coherent
spin-exchange [38], superconductors [39, 40] and superex-
change via intermediate quantum dots [41]. long dis-
tanse entanglement via spin chain has been investigated
both theoretically [24, 42, 43] and exprimentally, [44, 45].
However, recent advances in fabrication of quantum dot
arrays [46] and also the experimental realization of the
Mott insulator phase for both bosons [47] and fermions
[48], with exactly one atom per site, in optical lattices
has lead to possible effective spin Hamiltonians [49].
In this paper, we put forward the approach in Ref.[32]
to investigate entanglement generation between the ends
of a spin chain which its dynamics is governed by XX
Hamiltonian. The intermediate qubits between the ends
of the chain, spin channel, interact with their baths and
their dynamics is effected by dephasing or dissipation.
Our protocol, based on performing regular global mea-
surements on this channel leads to compensation of dis-
sipative process effects.
The structure of this paper is as follows: in section
(II) we introduce our setup. In section (III) our setup
has been analyzed without any dissipative processes and
effects of dissipation and our measurement protocol on
entanglement generation is investigated for a noisy chan-
nel in both measurement and no-measurement approach
in section (IV). We finally summarize our results in sec-
tion (V).
II. SET-UP
We consider a chain of N spin 1/2 particles, where N is
even, interacting through a XX Hamiltonian. The spins
at the ends of the chain are weakly interacting with the
intermediate spins which spins labeled from 2 to N − 1.
These intermediate spins play the role of our spin channel
and its Hamiltonian is
2Hch = J
N−1∑
k=2
[σ+k σ
−
k+1 + σ
−
k σ
+
k+1] (1)
where J is the exchange coupling and σ±k are the Pauli
spin ladder operators acting on site k. The spins at sites
1 and N which are sender and receiver qubits, interact
weakly with the channel as
HI = J
′(σ+1 σ
−
2 + σ
−
1 σ
+
2 + σ
+
N−1σ
−
N + σ
−
N−1σ
+
N ) (2)
Where J ′ is the coupling of the encoding qubits with
channel. Hamiltonian of the total system is described by
H = HI +Hch. The state |+〉 =
1√
2
(|0〉+ |1〉) encode on
both the qubits 1 and N while the channel is initialized
in the ferromagnetic state |0ch〉 = |0, 0, ..., 0〉. So, the
initial state of the whole system can be written as
ρ(0) = |+〉〈+| ⊗ |0ch〉〈0ch| ⊗ |+〉〈+|. (3)
Due to the interaction of the channel with its environ-
ment, dynamics of the system is governed by the master
equation [53]
ρ˙ = −ι [H, ρ] + (n¯+ 1)D [L] ρ+ (n¯)D′ [L] ρ (4)
D(ρ) =
γ
2
(
2LkρL
†
k − L
†
kLkρ− ρL
†
kLk
)
,
D′(ρ) =
γ
2
(
2L†kρLk − LkL
†
kρ− ρLkL
†
k
)
,
(5)
with γ > 0 and
Lk = σ
−
k , k = 2, 3, ..., N − 1 (6)
The non-Hamiltonian term D(ρ) describes a Markovian
damping process in which qubits coherently decay into
the nonzero temperature bosonic bath with decay rates
γ and n¯ is the mean number of bath quanta. Another
non-desire effect can be considered as dephasing and the
evolution of the system under the dephasing, can be de-
scribed by the following master equation [53]
ρ˙ = −ι [H, ρ] +D [L] ρ, (7)
where
D(ρ) =
γ
2
(
2LkρL
†
k − L
†
kLkρ− ρL
†
kLk
)
,
(8)
with γ > 0 and
Lk = σ
z
k, k = 2, 3, ..., N − 2 (9)
Random level fluctuations in the system of trapped atoms
in the optical lattice due to the fluctuation of surrounding
magnetic or electric fields can be considered as dephasing.
This XX Hamiltonian can be realized in experiment
and a physical realization of it is the setting of ultracold
atoms trapped in an optical lattice. An optical lattice
made of a standing wave formed by two different sets of
laser beams. The resulting potential is
V (x) = Vl cos
2(2pix/λl) + Vs cos
2(2pix/λs) (10)
where, λl = 2λs are the wave lengths, Vl and Vs are
the amplitudes. The low energy Hamiltonian of atoms
trapped by V (x) is [49]
H =−
∑
<i,j>,σ
(Jiσa
†
i,σaj,σ +H.C.) + U↑↓
∑
i
ni,↑ni,↓
+
1
2
∑
i,σ
Uσni,σ(ni,σ − 1), (11)
where, < i, j > denotes the nearest neighbor sites, ai,σ
annihilates one atom with spin σ =↑, ↓ at site i, and
ni,σ = a
†
i,σai,σ. We are interested in the regime where
Ji ≪ Uσ, U↑↓. This choice of hopping terms energetically
prohibit the multiple occupancy of any site which corre-
sponds to an insulating phase. The effective Hamiltonian
is found to be[49, 57]
H =
∑
<i,j>
Jzi σ
z
i σ
z
j −
∑
<i,j>
J⊥i (σ
x
i σ
x
j + σ
y
i σ
y
j ), (12)
whereσxi = a
†
i↑ai↓+a
†
i↓ai↑ and σ
y
i = −i(a
†
i↑ai↓−a
†
i↓ai↑)
are the pauli’s spin operators. The effective couplings Jzi
and Jexi are given by
Jzi =
J2i↑ + J
2
i↓
2U↑↓
−
J2i↑
U↑
−
J2i↓
U↓
, J⊥i =
Ji↑ + Ji↓
U↑↓
, (13)
The optical lattice parameters could be engineered
such that U↑ = U↓ = 2U↑↓ = U and Ji↑ = Ji↓ = Ji.
So the effective Hamiltonian is reduced to the XX spin
Hamiltonian [49, 57].
H = −
∑
<i,j>
J⊥i (σ
x
i σ
x
j + σ
y
i σ
y
j ), (14)
The tunneling Ji’s are controlled by the amplitudes Vl
and Vs[49]. In this system we also consider J1 = JN = j
′
and Jk = J for k = 2, 3, ..., N − 1.
III. NO DISSIPATIVE PROCESSES
In the case of no dissipative processes, where γ = 0,
above Hamiltonian can be reduced to an effective Hamil-
tonian [32] as follows
3J'/J
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FIG. 1. (Color online) (a) Maximum values of the entangle-
ment between the ends of the spin chain with N = 10 spins
versus the J ′/J while γ = 0. (b) Dynamics of the entangle-
ment between the ends of the same spin chain versus time
while J ′ = 0.05J .
He = Je(σ
+
1 σ
−
N + σ
−
1 σ
+
N ) (15)
where
Je = (−1)
N
2
J ′2
J
. (16)
this result is obtained by the condition J ′ << J . We
will consider this coupling strength regime in this paper.
The encoding information at the ends of the chain will be
entangled via XX Hamiltonian. Entanglement between
the ends of the chain at each time can be obtained by
calculating the concurrence[54]
C(t) = max{0, 2λmax(t)−
4∑
i=1
λi(t)}, (17)
where λi are the eigenvalues of the matrix√
ρ1Nσy ⊗ σyρ∗1Nσy ⊗ σy while ρ1N is the reduced
density matrix of the qubits 1 and N . In order to
determine the optimum value of J ′, maximum values
of the entanglement between ends of the spin chain
with N = 10 spins for different values of the ratio J ′/J
has been plotted in Fig(1)-(a) while γ = 0. As can be
seen from these results, the suitable values for the ratio
J ′/J = 0.05 and we will use J = 1 and J ′ = 0.05 for
the following calculations. Moreover, dynamics of this
entanglement versus the time for the same spin chain
has been shown in Fig(1)-(b).
IV. EFFECT OF DISSIPATION AND REGULAR
MEASUREMENT
In the presence of dissipation, dynamics of the system
is governed by the Eq(4). Here, excitations of the en-
coding qubits leak to the dissipative channel and so lead
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FIG. 2. (Color online) Maximum values of the entanglement
between the ends of the spin chain with N = 10 spins and
J ′ = 0.05J versus the Jτ while (a)γ = 0, (b)γ = 0.05 and
n¯ = 0.05
to decrease the amounts of entanglement. Following the
similar protocol introduced in [32] for state transfer, we
introduce the regular measurements on the channel to
preserve the leakage of excitations. The corresponding
projection operators are
M0 = |0ch〉〈0ch|, M1 = I −M0, (18)
where I is identity operator. The projective measure-
ments are performed regularly on the channel, at time
intervals τ . For the very small amounts of τ dynamics is
frozen as predicted by the Zeno effect [55]. The border of
the Zeno and non-Zeno regime happens when τ ∼ 1/J ′
[32]. So, to avoid the Zeno effect we should choose the
larger time intervals. For the sake of clarify, maximum
amount of entanglement for a chain with N = 10 and in
the case of with γ = 0 (resp. γ = 0.05 and n¯ = 0.05),
has been plotted versus the time interval Jτ in Fig. (2)-
(a),(b). As can be seen from the results, Jτ = 150 is
the optimum value which will be used in the following
calculations and also is comparable with the values used
in [32]. Furthermore, in order to show the supremacy of
our strategy, in Figure (3), we have plotted the entangle-
ment dynamics for a chain with γ = 0.02J , J ′ = 0.05J ,
N = 10 and n¯ = 0.05 while projection measurement
on the channel was performed with τ = 150/J (Solid
line) and also the same dynamics without any measure-
ment (dashed line). Amount of n¯ = 0.05 is according to
T ≈ 33mK [56]. Moreover, the results of the same calcu-
lations have been done for another temperature n¯ = 0.1
which is according to T ≈ 41mK [56] and have been
shown in Fig. (4). These results demonstrate the max-
imum amount of entanglement can be increased via the
projection measurements. However, superiority of this
measurement protocol is obvious for larger temperature
by comparison of the differences of the entanglement with
and without measurement in both Figs. (3) and (4). In
addition, maximum amount of entanglement has been
plotted as a function of γ in Fig. (5) (a) for a chain with
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FIG. 3. (Color online) Dynamics of the entanglement between
the ends of the spin chain with N = 10 spins versus time
while J ′ = 0.05J , γ = 0.02J , n¯ = 0.05 and τ = 150/J for
performing measurement
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FIG. 4. (Color online) Dynamics of the entanglement between
the ends of the spin chain with N = 10 spins versus time while
J ′ = 0.05J , γ = 0.02J , n¯ = 0.1 and τ = 150/J for performing
measurement
N10 and also maximum values of the entanglement with
damping rate γ = 0.02 has been plotted versus the num-
ber of spins even N (resp. odd N) in Fig. (5) (b) (resp.
inset) while J ′ = 0.05J , n¯ = 0.05 and τ = 150/J for both
subplots. These figures show that the maximum amounts
of entanglement decay by increasing γ and N while mea-
surement approach enhances entanglement generation for
all ranges of them. Moreover, although the channel with
odd number of spin does not work for entanglement gen-
eration under the dissipation processes (inset of Fig. (5)
(b)), these regular measurements bring them to be useful
for this task.
To finalize our analysis we also study the performance
of our protocol on a dephasing channel has been consid-
ered and entanglement of the first and last qubits has
been plotted versus time t in Fig. (6) for the case of
N = 10, γ = 0.02J , J ′ = 0.05J and τ = 500/J while
γ
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FIG. 5. (Color online) (a) Maximum values of the entangle-
ment between the ends of the spin chain with N = 10 spins
versus decay rate γ (b) Maximum values of the entanglement
for a chain with γ = 0.02 versus even N (inset) versus odd
N while J ′ = 0.05J , n¯ = 0.05 and τ = 150/J for performing
measurement.
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FIG. 6. (Color online) Dynamics of the entanglement between
the ends of the chain with N = 10 versus time while J ′ =
0.05J , γ = 0.02J and τ = 500/J for performing measurement
here n¯ = 0 and Lk = σ
z
k. Moreover, these results with
large τ show that we do not need to perform several mea-
surement protocols during the evolution for this system.
V. CONCLUSION
In this paper we exploit the effects of regular global
measurement on a noisy channel to suppress the effects
of dissipative processes. In fact, these measurements en-
hance the entanglement generation between sender and
receiver qubits which are weakly coupled to the noisy
channel and to avoid the Zeno effect, we do not need to
perform many measurement during the evolution of the
5system. In fact, our measurement protocol offers much
higher entanglement generation than the traditional no-
measurement approach in both non-zero temperature dis-
sipation and dephasing effects. Moreover, our scheme
is superior in systems which suffer the dissipation with
larger temperature.
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